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A brief history of physics@TU

+ 1926 Department of Physics established, soon
earned a reputation as one of the best Physics
Departments in China

+ 1952 Became a polytechnic university, Department of
Physics dissolved and most faculty members and
students joint Peking University

- 1956 Department of Engineering physics
established for Chinese nuclear science

+ 1982 Department of Physics re-established
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Department of Physics

Faculty: ~90

Undergraduate Students: ~400
Graduate Students: ~400
Research fields:

+ Condense Matter Physics

»+ Atomic and Molecular Physics

+ Astrophysics

» High Energy and Nuclear Physics
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Department of Engineering Physics

Faculty: ~120

Undergraduate Students: ~600

Graduate Students: ~600

Institutes: 6

* Nuclear Technology =

+ Technical Physics

* Nuclear Energy Science and Engineering
* Medical Physics and Engineering

-+ Safety Science and Technology

* Modern Physics =
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Department of Engineering Physics

—_

v

Accelerator Physics and Technology
Radiation Physics and Detection
Nuclear Electronics
Particle Information Acquisition and Processing
Nuclear System Control and Application
Radiation Protection and Environment Protection

v

v

Particle physics experiment
Particle physics theory
Astrophysics experiment

v V

Particle physics ( from Department of physics ) —>_|
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Center for High Energy Physics
(TUHEP)

A (virtual) organization

Members from department of physics & department
of engineering physics

+ others (mechanics, computing ...)

Director: Yuanning Gao

Not all HEP projects are organized by the center
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Tsinghua Center for Astrophysics
(THCA)

A (virtual) organization

* Members from department of physics &
department of engineering physics

+ others

 Director: Charling Tao
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Center for High Energy Physics

« Theory group (4+1 faculty members)
+  Experiment group (1+5 faculty members)
 Accelerator group

Detector group

EleC"'f'OﬂiCS gf'OUp Department of Physics

Department of Engineering Physics

 Graduate students: ~20
 Postdocs: 6
Welcome new members |
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HEP Projects @TU

China Jing Ping Underground Lab

LHCb (EX+EG), BES (EX+EG)
RHIC/STAR(EX+DR), CBM(TH+DR)
Daya Bay (EX+EG), SuperK (EX+EG). JUNO(EX+EG)

ILC (TH+EX+AC+DT+DR), CLIC(AC+DT+DR), CEPC(TH+EX+DT)

ATLAS (EX+EG?, in Chinese Cluster)
CMS (DR, associate member)

TH: Theory group EX: Experiment group
AC: Accelerator group DR: Detector group, MRPC
EG: Electronics group DT: Detector group, TPC
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HEP Projects @TU

China Jing Ping UndergrounD

LHCb (EX+EG), BES (EX+EG)
RHIC/STAR(EX+DR), CBM(TH+DR)
Daya Bay (EX+EG), SuperK (EX+EG). JUNO(EX+EG)

ILC (TH+EX+AC+DT+DR), CLIC(AC+DT+DR), CEPC(TH+EX+DT)

ATLAS (EX+EG?, in Chinese Cluster)
CMS (DR, associate member)

TH: Theory group EX: Experiment group
AC: Accelerator group DR: Detector group, MRPC
EG: Electronics group DT: Detector group, TPC
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China JinPing Underground Laboratoy
(CJ P L) Q.Yue’s talk
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Layout of CJPL-I
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i O o
CDEX | . -
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Preparation Room

H Total space: 4000 m3
B Main Lab Space: 6.5(W) x 6.5(H) x 42(L)




CJPL internal layout
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CJPL-Il design
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e Four 12m*12m*150m tunnel
 Plan to be finished in 2015
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HEP Projects @TU

China Jing Ping Underground Lab

LHCb (EX+EG), BES (EX+EG)
RHIC/STAR(EX+DR), CBM(TH+DR)
Daya Bay (EX+EG), SuperK (EX+EG). JUNO(EX+EG)

ILC (TH+EX+AC+DT+DR), CLIC(AC+DT+DR), CEPC(TH+EX+DT)

ATLAS (EX+EG?, in Chinese Cluster)
CMS (DR, associate member)

TH: Theory group EX: Experiment group
AC: Accelerator group DR: Detector group, MRPC
EG: Electronics group DT: Detector group, TPC
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HEP Projects @TU

China Jing Ping Underground Lab

Es (EX+EG)
RHI ‘ + TH+DR)

aya Bay (EX+EG), SuperK (EX+EG). JUNO(EX+EG)

ILC (TH+EX+AC+DT+DR), CLIC(AC+DT+DR), CEPC(TH+EX+DT)

ATLAS (EX+EG?, in Chinese Cluster)
CMS (DR, associate member)

TH: Theory group EX: Experiment group
AC: Accelerator group DR: Detector group, MRPC
EG: Electronics group DT: Detector group, TPC
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Activities @LHCDb

* Physics
- Quarkonium production
- Bc measurement
- pA analysis

* Zhenwei Yang, subgroup convener
Yiming Li, subgroup convener

* Successful collaboration with LAL
(P. Robbe's talk)
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HEP Projects @TU

China Jing Ping Underground Lab

LHCb (EX+EG), BES (EX+EG)
RHIC/STAR(EX+DR), CBM(TH+DR)
Daya Bay (EX+EG), SuperK (EX+EG). JUNO(EX+EG)

ILC (TH+EX+AC+DT+DR), CLIC(AC+DT+DR), CEPC(TH+EX+DT)

ATLAS (EX+EG?, in Chinese Cluster)
CMS (DR, associate member)

TH: Theory group EX: Experiment group
AC: Accelerator group DR: Detector group, MRPC
EG: Electronics group DT: Detector group, TPC
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HEP Projects @TU

China Jing Ping Underground Lab

LHCb (EX+EG), BES. (EX+EG)
RHIC/STAR(EX CBM(TH

Daya Bay (EX+EG), SuperK (EX+EG). JUNO(EX+EG)

ILC (TH+EX+AC+DT CLIC(AC+DG CEPC(TH+EX+DT)
ATLAS (EX+EG?, in Chinese Cluster)
CMS associate member)

TH: Theory group EX: Experiment group
AC: Accelerator group DR: Detector group, MRPC
EG: Electronics group DT: Detector group, TPC
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RHIC—STAR TOF MRPC

PCboard 1.5mm inner glass 0.54mm

Honeycomb 4mm

mylar 0.35mm pad 0.045mm
electrode (graphite) 0.13mm

WAL LA

inner glass 200 mm
ooooo glass 207 mm
PCboard 210 mm

mylar 212 mm

Glass: ~4x10'>Q.cm

Carbon tape: 100k Q/

Gas gap: 6x0.22mm

Working gas: 95% F134a+5% iso-butane
Time resolution: 80 ps

Efficiency >90%

Rates capability: 200Hz/cm? !
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MPINGS ... .

“Observation of the Antimatte
Helium-4 Nucleus”

by STAR Collaboration
Nature, 473, 353(2011).
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Development of low resistive glass

32cm x 30cm

Thickness distribution
(Evaluation scale= 30cm)

Plate Number
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Development of high rate MRPC
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Even though the rate is 70kHz/cm?, the efficiency
is still higher than 90% and the time resolution is
about 80ps.
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Technical Design Report

for the CBM

Time - of — Flight System

(TOF)

The CBM Collaboration

December 2013

High rate MRPC technology was
adopted by CBM, China in kind

contribution is 3M euros.

THU,USTC,CCNU | GSI | HZDR | UHEL-PI | IFI | NIPNE | ITEP | cost [kEuro|
in 2009
prices
low resistivity glass plates 1620 1620
detector modules 380 20 300 100 800
space frame 100 200 300
services (HV,LV cooling) 100 200 50 | 50 | 50 450
gas system incl. controls 200 200
preamplifier/discriminator 100 150 100 350
digitizer and clock 600 600
FEE - PCBs 100 50 150
readout controler (ROC) 50 | 350 400
data processing board (DPB) 300 50 | 350
crates & cables 120 100 30 250
prototypes and tests 180 20 200
commissioning 20 30 50
spare parts 100 30 100 70 300
safety elements 50 50
installation 80 80
transport 30 20 50
tools, infrastructure 50 50 30 150
R&D (start, forward RPC) 180 70 230
cosmics ray stand 50 50
sum 3000 | 830 | 500 | 600 | 400 800 500 6630
2330
China Germany | Romania | Russia total

Table C.2: Intended sharing of construction costs between the project participants.
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R (m)

CMS collaboration

Estimated cost of Muon system

CMS RPC upgrade

n 0.1 0.2 03 04 0.5 0.6 0.7 0.8 0.9 1.0 1.1
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DTs
[l CsCs
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HCAL
2
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T | silicon |
tracker -
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Station 1

Tsinghua collaborate with Lyon IPNL
for the GRPC project.

n o

1.2 335°

1.3 30.5°

14 27.7°

- 15 25.2°

16 22.8°

1.7 20.7°
1.8 18.8°
1.9 17.0°

2.0 15.4°

121 14.0°
2.2 12.6°
23 11.5°
24 10.4°
125 94°

3.0 57°

40 2.1°
5.0 0.77°

z(m)

Cost Estimate for Muon System

Estimated CORE

Item Sub-item Cost (MCHF
2013)

DT minicrate electronics 3.4

DT trigger electronics 2.2

DT Controls 1.1

DT minicrate installation 0.4

Aging and Longevity 7
GEM chambers: ME1/1 + ME2/1 2.2

| GRPC Chambers: ME3/1 + ME4/1 1.6

GEM Electronics 4.0

|_[GrPc Electronics 1.1

Power Systems 2.0

Services 0.6

Installation 0.4

Muon Stations 1.6<|n|<2.4 12
Gem Chambers: MEO 0.6

Electronics 4.0

Power System 1.0

Services 0.5

Installation 0.1

Muon Taggins Station 2.2 <|n|<4 6
Total 25
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Bakelit
e RPC

GRPC

A similar GRPC using standard glass plates smaller than 30X30 cm? were
built. After validation, identical GRPC will be built using low-resistivity glass ;3



HEP Projects @TU

China Jing Ping Underground Lab

LHCb (EX+EG), BES (EX+EG)
RHIC/STAR(EX+DR), CBM(TH+DR)
Daya Bay (EX+EG), SuperK (EX+EG). JUNO(EX+EG)

ILC (TH+EX+AC+DT+DR), CLIC(AC+DT+DR), CEPC(TH+EX+DT)

ATLAS (EX+EG?, in Chinese Cluster)
CMS (DR, associate member)

TH: Theory group EX: Experiment group
AC: Accelerator group DR: Detector group, MRPC
EG: Electronics group DT: Detector group, TPC
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HEP Projects @TU

China Jing Ping Underground Lab

LHCb (EX+EG), BES (EX+EG)
RHIC/STAR(EX+DR), CBM(TH+DR)
Daya Bay (EX+EG), SuperK (EX+EG). JUNO(EX+EG)

ILC (TH+EX+ADR), CLIC(ACR), CEPC(TH+EX

ATLAS (EX+EG?, in Chinese Cluster)
CMS (DR, associate member)

TH: Theory group EX: Experiment group
AC: Accelerator group DR: Detector group, MRPC
EG: Electronics group DT: Detector group, TPC
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TU-TPC prototype

Readout pad size:
9.5 mm x1.5 mm

Pitch: 10 mm x1.6
mm

Staggered 10 x 62
pads placed

Only 10 x 32 pads
read out due to the |
limitation of

electronic channel

numbel



Test @ KEK,
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1 Tesla
 Working Gas:
— P10 (Ar : CH4 =90 : 10),
—ISO(Ar : CH4 : iC4H10=96: 3 : 1)
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detectors

CASA-GEM

« CASAGEM: a multi-channel front-end ASIC for GEM

Specifications

Gain

2/4/20/40 mV/fC

Dynamic Range

Upto1pC

Shaper

CR-(RC)®

Peaking Time

100/200/300/400 ns

ENC <1000 e
INL <1%
Power Consumption | <10 mW
No. of Channels 16

Process

0.35 ym CMOS

VFB
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Key Performances

Timing resolution @ tp = 400ns

ENC @ tp=400ns

ENC Analysis
2000 T
—Fitted Curve

1800 Test Results

1600~

1400~

ENCOpF =1732e

Slop=16.52 e/pF

N ENC=173e + 165.e/pF
= e .e/p
20
0 L L L L L 1
0 10 20 30 50 70 80 EY 100
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Linearity Analysis channel10
2500 T T T
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[ Enlries 10000
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- 72/ ndf 3799127
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oftware development of TPC

We join in the software development in the framework of LCTPC Collaboration,
and especially work closely with the ILC group of IPNS (KEK).

A Kalman filter based software package, KalTest, has been developed for track
fitting in both uniform and non-uniform magnetic field.

A track reconstruction program taking advantage of KalTest has been
implemented in MarlinTPC, which is the software framework of LCTPC research.

The program is used by the GEM and Micromegas group in their analysis of
detector performance from 2010.
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the Large Prototype, 2012 MarlinTPC for full endplate TPC



The KalTest software package

The comparison of reconstructed

The structure of KalTest

KalTest

KalLib

TVKalSystem

+AddandFilter(site : TVKalSite)

2

KalTrackLib

TVMeasLayer

TVKalDetector

TKalDetCradle

TVKalSite

— fM : TKalMatrix
— fV : TKalMatrix
— fH : TKalMatrix

+ Filter()

+ CalcExpectedMeasVec(
a : TVKalState,
m : TKalMatrix)

+ CalcMeasVecDerivative(
a : TVKalState,
H : TKalMatrix)

]

TKalTrack TVTrackHit

TKalTrackSite <&——

TTrackFrame
— fRotation : TRotation
— fDeltaRotation : TRotation
— fShift : TVector3
— fDeltaShift : TVector3

+ Transform(v : TVector3)
+ Transform(sv : TKalMatrix,
Fr : TKalMatrix)

TKalTrackState

TVKalState

— fF : TKalMatrix
— fQ : TKalMatrix
— fC : TKalMatrix

+ Propagate(to : TVKalSite)
+ MoveTo(to: TVKalSite,

F : TKalMatrix,

Q : TKalMatrix)

The newly added

class for transforming.

GeomLib

TVSurface

TVTrack

+ CalcS(x : TVector3)
+ CalcDSDx(x : TVector3)
+ CalcXingPointWith(

trk : TV Track,

x : TVector3,

phi : double,

eps : double)

+ CalcXAt(phi : double)
+ CalcDxDa(phi : double)
+ CalcDxDphi(phi : double)
+ MoveTo(pivot : TVector3,
F : TMatrixD
C : TMatrixD)

5

£

TCylinder

THelicalTrack

— fFrame : TTrackFrame

More details of KalTest can be found at:
http://www-jlc.kek.jp/jlc/en/subg/soft/tracking

results by the original Kaltest and
recently updated version for non-
uniform magnetic field:
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Comp. Phys. Comm. (2013), http://
dx.doi.org/10.1016/j.cpc.

2013.11.003.



HEP Projects @TU

China Jing Ping Underground Lab

LHCb (EX+EG), BES (EX+EG)
RHIC/STAR(EX+DR), CBM(TH+DR)
Daya Bay (EX+EG), SuperK (EX+EG). JUNO(EX+EG)

ILC (TH+EX+AC+DT+DR), CLIC(AC+DG+DR), CEPC(TH+EX+DT)

ATLAS (EX+EG?, in Chinese Cluster)
CMS (DR, associate member)

TH: Theory group EX: Experiment group
AC: Accelerator group DR: Detector group, MRPC
EG: Electronics group DT: Detector group, TPC

2014-4-8 FCPPL Workshop 2014
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CEPC-SppC Organization —
* [nstitutional Board:

chairman: GAO Yuanning (Tsinghua U); 1 rep. per institution
deputy chairman: GAO Jie (IHEP)

* Steering Committee:
chairman WANG Yifang (IHEP);
7 other members:
GAO Yuanning (Tsinghua), HAN Liang (USTC),
MAO Yajun (Peking U), JIN Shan (IHEP),
YANG Haijun (SJTU), HE Hong-jian (Tsinghua),
QIN Qing (IHEP)

2014-03-20



CEPC-SppC Organization —

* Project directors: LOU Xinchou (IHEP), QIN Qing (IHEP)

Working groups:
» Theory (Conveners: HE Hong-jian, ZHU Shouhua)
» Accelerator (Conveners: QIN Qing, GAO Jie)
» Detector (Conveners: JIN Shan, GAO Yuanning)

Established sub-groups (excellent subgroup conveners)

Monthly Steering Committee + Conveners meetings

2-3 workshops per year



High Energy Astrophysics & Space Astronomy

« Space astronomy (instrumentation)
— as a collaborator
« Hard X-ray Modulation Telescope (HXMT)
« X-ray Timing and Polarization (XTP)
 Einstein Probe (EP)
— as Pl
« LAMP (a small satellite project)

« Black hole physics

— Black hole binaries, ultraluminous X-ray
sources

— Active galactic nuclei



HXMT

« Hard X-ray Modulation Telescope (HXMT)

* Developing the readout for the high energy
detectors
— Qualification model delivered
— Flight model to be built soon

Developing the data reduction software
Leading the science definition team of HXMT



XTP

» X-ray Timing and Polarization (XTP)
— A observatory-class mission concept
successive to HXMT

— Currently in phase A/B study

* Developing the X-ray polarimeter

— Gaseous photoelectric polarimeter
— GEM + TPC readout




« Measuring the emission direction of

A photoelectric X-ray polarimeter

photoelectrons

* GEM + TPC readout, sealed proportiol «&= \

* A new version using micromegas is
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LAMP (Lightweight Asymmetry and Magnetism
Probe)

16 segments of paraboloidal

Optics multilayer-coated mirrors

Energy 250 eV; bandwith 2.6 eV

Weight < 35 kg for payload; ~100 kg in total
Collecting 1300 em?

area

Focal plane  Position sensitive gas detectors with
detector ultrathin window

Able to detect polarization in 6
pulsars, ~30 X-ray binaries, ~40
blazars, ~100 AGN:Ss if their
Sensitivity ~ polarizations are higher than 10%; for
the brightest sources in each catalog,
the sensitivity in terms of minimum
detectable polarization is 1-3%

Collaborators: Tsinghua U, Tongji U,
Microsat, IAPS-Rome, INFN-Pisa, INAF-
OAB




Science with LAMP

<> Measuring the magnetic field
structure of pulsars and testing
the vacuum polarization effect
predicted by QED

<> Capable of finding bare quark
stars if they exist

<> Probing the magnetic fields in
relativistic jets: their role in jet
formation, collimation, and
acceleration

<> Measuring the inner disk
inclination: decoupling the black
hole spin and disk inclination




http://www.hep.tsinghua.edu.cn
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AFTER THE HIGGS DISCOVERY:
WHERE IS FUNDAMENTAL PHYSICS GOING
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Moderator: Shing-Tung Yau (Havard Univ. & Tsinghua Univ., USA, Fields Medalist)
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Highlights:

Prof. Rolf-Dieter
Heuer(Director-
General of CERN) and
Prof. Felicitas
Pauss(Coordinator of
External Relations of
CERN) visit Tsinghua
University

TeV Working Group in
China

CCAST-Tsinghua
School on Calorimetry
for International Linear
Collider

2008 Nobel Prize in
Physics ( Report from
ScienceNet )

The Coming
Revolutions in Particle
Physics by Prof. Chris
Quigg ( English ,
Chinese )

ILC Physics Summary

Large Hadron Collider
(LHC) @ 2008

Overview on IPMU by

Hitnchi Miiravama



Mid-Long term plan (1)
BESIII -> 202x
LHCb upgrade 2018, 2019 -> 202y
* Current members
Quarkonium production+Bc+pA
+ Liming ZHANG (from Sept. 2014)

CCNU group
CP violation, rare decays

« 202xy->

* ATLAS or CMS
* ILC, CEPC..

2014-4-8 FCPPL Workshop 2014



Mid-Long term plan (2)

* Underground lab

- CJPL phase I ->
Phase IT 2015-»>

* Neutrino physics
- Daya Bay -> 201x
- SuperK ->
- Juno -> 202x

Opportunities to combine the efforts?

2014-4-8 FCPPL Workshop 2014



Summary
HEP@TU is a typical example for Chinese Universities

In last 10+ years, significant development in a tough
environment

Time to think about the future

« Welcome new members!

2014-4-8 FCPPL Workshop 2014



Tsinghua University: A Brief History

- 1911 Founded as
“Tsinghua XueTang” ,
a preparatory school

+ 1925 University
section established

- 1928 National
Tsinghua University

2014-4-8 FCPPL Workshop 2014



Tsinghua University: A Brief History

- 1937 Moved to Kunming
Nankai + Peking + Tsinghua
= National Southwest Associate University

- 1946 Moved back to Beijing
- 1952 Became a Polytechnic University

- 1978 - Sciences, Economy, Law, etc

2014-4-8 FCPPL Workshop 2014



Tsinghua University: Statistics

* Schools: 16 =\
- Departments: 56 T B
* Faculty: 3133

(]

+ Undergraduate students: ..t -
* G6raduate students:
~16'000

2014-4-8 FCPPL Workshop 2014



Physics @ TU

- 1926 Department of Physics established by
Professor Ch'i-Sun Yeh, soon earned a
reputation as one of the best Physics
Departments in China

2014-4-8 FCPPL Workshop 2014



Physics @ TU

+ In 1937, Tsinghua was forced to move from
Beijing to Kunming, Yunnan Province, and was
merged into “National Southwest Associate
University” with Peking University and
Nankai University. A great amount of
outstanding scholars were educated in this
Department during the World War II, such
as T. D. Lee (Nobel Laureate), C. N. Yang
(Nobel Laureate), Kun Huang, Jia-xian
Deng, Guang-ya Zhu, et al.

2014-4-8 FCPPL Workshop 2014



